Patients undergoing open partial pharyngectomy for oropharyngeal neoplasms (n 5 1426) had more severe illness compared to TORS (n 5 641). However, after controlling for minor-to-moderate severity of illness, open partial pharyngectomy was associated with longer hospital stay (5.2 vs. 3.7 days, P < 0.001), higher charge ($98,228 vs. $67,317, P < 0.001), higher cost ($29,365 vs. $20,706, P < 0.001), higher rates of tracheostomy and gastrostomy tube placement, and more wound and bleeding complications. TORS was associated with a higher rate of dysphagia (19.5% vs. 8.0%, P < 0.001). The lower cost of TORS remained significant in the major-to-extreme severity of illness group but was associated with higher complication rates when compared to open cases of the same severity of illness. A similar analysis of TORS partial glossectomy for base of tongue tumors had similar cost and length of stay benefits, whereas TORS partial glossectomy for anterior tongue tumors revealed longer hospital stays and no benefit in charge or cost compared to open.
INTRODUCTION
Since the first studies on robotic surgery in the mid 1980s, 1 robotic surgery has become one of the fastest growing areas for surgical innovation. Propelled by general and urologic surgeries in its preapproval phase, a number of surgical specialties have been compelled to apply robotic surgery to routine and complex cases alike. Robotic surgery boasts a number of advantages such as increased dexterity, improved exposure with nearcomplete elimination of torque on adjacent tissue, and improved motor control, which lead to smaller volumes of tissue resected, less local tissue injury during harvest, and ultimately faster patient recovery. Barriers to its widespread adoption largely center on cost and establishing a clinical benefit.
However, increased scrutiny in health care costs at the same time as this emergence of robotic surgery has inspired appropriate criticism. Initial cost of the daVinci robot (Intuitive Surgical, Sunnyvale, CA) and subsequent maintenance costs are prohibitive to all but a minority of medical centers. 2 A recent perspective on robotic surgery estimates that an additional $2.5 billion dollars annually would be incurred if robotic surgery was broadly substituted for open procedures. 3 Transoral procedures of the pharynx and larynx traditionally are performed with rigid endoscopic devices within the confined space of the upper aerodigestive tract. In some instances, open approaches to gain adequate exposure are employed to ensure adequate access and resection. Transoral robotic surgery (TORS) has attracted early adoption due to the ability to enhance dexterity in the deep regions of the upper airway while continuing to utilize the mouth as a natural orifice. This potential led to the the U.S. Food Early studies in robotic surgery have established the procedure as predominantly safe. Although a growing number of studies are establishing the efficacy of TORS, its cost compared to open procedures is unknown. Ultimately, the future application of robotic surgery rests upon an appropriate balance of safety, efficacy, and cost. This study aims to establish the clinical effectiveness and cost of TORS compared to open surgery using the Nationwide Inpatient Sample (NIS). To establish comparable procedure-specific cohorts, we limited this study to the two more frequently procedures for TORS: partial pharyngectomy and partial glossectomy.
MATERIALS AND METHODS
The NIS is a national database funded by the U.S Agency for Healthcare Research and Quality (AHRQ). It is the largest all-payer inpatient health care database in the United States and collects data from a 20% stratified sample of the hospitals around the country. Weight coefficients for each hospital are provided to yield national estimates of inpatient stays. Data from admission to discharge are included for each patient in this database, including charge and cost data. Financial data were inflation-adjusted to reflect 2013 equivalents. 4 Nationwide Inpatient Sample data were obtained according to the AHRQ guidelines. The years 2008 to 2011 were selected due to the introduction of the International Classification of Diseases-9th Revision, Clinical Modification (ICD-9-CM) code for robotic-assisted surgery (17.4, 17.41, 17.42, 17.43, 17.44, 17.45, 17 .49) in 2010, providing 2 years of data before and after FDA approval. These 4 years were analyzed to determine overall trends in utilization before and after FDA approval of TORS. The remainder of the analysis of partial pharyngectomy and partial glossectomy, however, was restricted to the years 2010 to 2011 in order to compare post-FDA approval cohorts and to exclude investigational cases. Given the lack of an ICD-9-CM code for transoral laser microsurgery (TLM), no specific analysis could be made on this group. 4 ), tracheostomy present on admission (V44.0), and gastrostomy present on admission (V44.1) were designated for each patient. Same-stay complications including blood transfusion during stay, respiratory failure/insufficiency or arrest, aspiration pneumonia, wound fistula, perioperative hemorrhage, wound breakdown, reintubation, dysphagia, and death were identified for each patient. The primary endpoints of this study were any complication, length of stay, and charge/cost.
Subgroup analysis was performed when preoperative risk factors between treatment groups differed. The All Patient Refined Diagnosis Related Groups (APR-DRGs), as defined by the NIS, are included for severity of illness, which refers to the extent of physiologic decompensation or organ system loss of function, and risk of mortality. According to the developers of the APR-DRG, "a high severity of illness or risk of mortality are primarily determined by the interaction of multiple diseases. Patients with multiple comorbid conditions involving multiple organ systems represent difficult-to-treat patients who tend to have poorer outcomes." 5 
RESULTS

Overall Trends in TORS
The percentage of transoral cases performed with robotic assistance increased dramatically over the first 3 years (0.02% in 2008, 0.2% in 2009, 2.1% in 2010, 2.2% in 2011). During the 4-year study period, 1,907 (75%) of the 2,538 TORS cases were performed for oncologic indications. This is in contrast to 217,105 open cases of which 32% were performed for oncologic indications (Table I ). An increasing proportion of TORS cases were performed for non-oncologic indications, with the largest contributor being tonsillectomy for hypertrophy.
Partial Pharyngectomy
There were a total of 1,426 open partial pharyngectomies and 641 robotic partial pharyngectomies performed electively for oropharyngeal neoplasm during 2010 to 2011. Open patients were the same age (59.3 vs. 59.1 years, P 5 0.547) and female sex (21.2% vs. 23.1%, P 5 0.357) as the TORS group, but they had more chronic conditions (4.7 vs. 4.2, P < 0.001), more diagnoses (8.3 vs. 7.0, P < 0.001), worse APR-DRG severity of illness, and were more likely to have a history of radiation therapy, alcohol abuse, and a tracheostomy on admission. In order to compare similar groups, both treatment groups were stratified into mild-to-moderate and major-toextreme APR-DRG severity of illness groups. This yielded a stratification that better grouped cohorts by their disease state and other comorbidities. Among mild-to-moderate cases, TORS was associated with significantly fewer respiratory, bleeding, and wound complications (Table IIa) . No deaths occurred in either treatment group. However, TORS cases did have higher rates of dysphagia. TORS also had shorter hospital stays (3.7 vs. 5.2 days, P < 0.001) and substantially lower hospital total charge and cost. TORS also afforded a greater proportion of patients to be discharged home.
Among major-to-extreme cases, the open group had more comorbidities, including a history of alcohol, history of radiation therapy, and more chronic conditions. Length of stay, charge, and cost data favored TORS (Table IIb) . However, TORS had increased dysphagia and pulmonary complications, whereas open cases had more wound complications. Of note, tracheostomy placement and gastrostomy placement were significantly higher for open cases. There was no difference in disposition to home within the major-to-extreme partial pharyngectomy group.
Partial Glossectomy
The large majority of elective partial glossectomies for tongue neoplasm were performed with open surgery (95%). In order to compare similar groups, we separately analyzed anterior tongue and base of tongue neoplasms. The TORS and open cohorts for base of tongue neoplasms had similar comorbidities (Table III) . The TORS group was younger, consisted of more men, had more history of radiation, and less smoking history. TORS again achieved a shorter length of stay (4.8 vs. 7.8 days, P < 0.001), as well as significantly lower cost and charge. In addition, TORS patients, although they had higher rates of existing tracheostomies on admission, had fewer tracheostomy placed. In this cohort, however, TORS had higher respiratory complications and higher rates of dysphagia but fewer wound or bleeding complications.
For the anterior tongue cancer cases, we restricted the analysis to mild-to-moderate severity of illness due to the low number of major-to-extreme cases. Among partial glossectomies for anterior tongue cancer, TORS patients continued to have higher comorbidities but had comparable severity of illness (Table IV) . Length of stay was longer for TORS patients, whereas charge and cost data were not significantly different from open cases. TORS also had higher gastrostomy placement rates, reintubation rates, and dysphagia. High rates of discharge to home were achieved across both treatment groups.
DISCUSSION
There was exponential growth of TORS in its first year following FDA approval in late 2009 with a subsequent plateau. Its early implementation has been predominantly for oncologic indications. TORS for partial pharyngectomy and partial glossectomy for the base of tongue were associated with shorter hospital stays, lower charge, and lower cost compared to open partial pharyngectomy. TORS for partial glossectomy of the anterior tongue, however, was inferior to open surgery in both clinical and cost measures. This parity suggests that that the utility of TORS is in accessing challenging anatomic sites such as the oropharynx and base of tongue. In contrast, the anterior tongue can be readily accessed with or without a robot and subsequently demonstrates no benefit with a TORS approach. Our results may also suggest that the extent of the surgery relates to the efficacy of TORS. Whereas TORS for mild-to-moderate disease had fewer complications than open cases, TORS for major-to-severe disease had more complications than open cases of the same severity. Interestingly, this higher rate of complications does not diminish the length of stay, charge/cost, and disposition to home benefits realized by TORS.
This study affords a unique view of national charge and cost data for open and TORS cases across the entire inpatient stay. One early study examining cost using the NIS for years prior to FDA approval does support the notion that TORS can be performed successfully while maintaining low cost. 6 Although the data do support selective use of TORS partial pharyngectomy in patients with low comorbidity, it should be noted that cost also correlates with covariates such as number of procedures, number of diagnoses, and death during hospitalization. This makes isolating specific causes for lower comparative cost of TORS challenging. It is possible that the severity of the complications may be higher in open surgery despite the overall rate being lower. Severity of complication has been demonstrated to correlate with additive cost. 7 When viewed in an aggregate, however, the data supports the notion that TORS partial pharyngectomy affords shorter hospital stays and lower hospital costs. 8 Another intriguing contribution to cost benefit is that TORS appears safe despite the absence of adjunctive tracheostomy and gastrostomy procedures. Prior studies demonstrate low tracheostomy and gastrostomy placement rates with TORS. 9 To this point, prior studies on charge and cost correlate postoperative respiratory failure as a significant contributor to postoperative costs. 10 Furthermore, the cost of gastrostomy placement and subsequent care has been shown to depend on the prophylactic or emergent context of its placement. 11 Although the NIS does not specify the context of gastrostomy placement, the data demonstrates that TORS can be performed with drastically lower rates of tracheostomy and gastrostomy placement within the same hospital stay. This is a finding that bears further study and may reshape the approach to these supportive procedures.
Charge and cost data must be carefully interpreted given that the NIS provides data on the index admission alone. Therefore, uncomplicated discharges that later develop into complicated cases would not be incorporated into these data. In addition, although our control of severity demonstrates comparable subgroups, further analysis to ensure appropriate control of other biases such as cancer stage is warranted.
One important aspect of TORS that our study does not address is margin assessment. Whereas TORS confers short-term clinical and cost benefit, tactile feedback during resection is diminished with this technique. A recent multicenter TORS study reported a positive margin rate of 4.3%. 12 Other smaller series report positive margin rates from 0% to 7% among varied cohorts. 9, [13] [14] [15] [16] [17] Longer-term oncologic studies that are ongoing will clarify the ability to achieve locoregional control with TORS.
Due to the limitations of code availability, a direct comparison with transoral laser microsurgery (TLM), the best modern era comparator group for TORS, was not possible using the NIS. It stands to reason that the less invasive modality of TLM might yield cost and clinical outcomes closer to that of TORS. However, there is little available data on the comparative cost of TLM. Future studies that included TLM as a discrete comparison group to TORS would be highly informative with regard to decision making on surgical modality.
Finally, an important limitation of this study is the inherent bias of retrospective analysis of a national database. Although we controlled for severity of illness in this study, the control for selection bias between two different treatment groups is not possible, particularly at this early stage of TORS adoption. The adoption of any new technology may be biased toward patients who would be able to tolerate a less known entity. We do believe the results provide novel insight on how TORS may be safely and effectively implemented in its early phase of adoption.
CONCLUSION
Our findings demonstrate a clinical and cost benefit in TORS partial pharyngectomy and partial glossectomy for the base of tongue but no benefit in partial glossectomy of the anterior tongue. It is likely that anatomic accessibility and extent of surgery factor into the effectiveness of TORS. Whereas cost is perceived as a major barrier to adoption of TORS, our results support the length of stay and financial benefits associated with robotic surgery in the oropharynx. As more cases are accrued nationally, studies that investigate oncologic outcome, surgical outcome, and overall cost will help guide how we apply TORS going forward.
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